for the B.Sc. degree, and in 1891 he graduated B.Sc. with chemistry and natural philosophy as principal subjects. Meanwhile, as he had a teaching career in view, he attended Meiklejohn's lectures on education, with the delight ful and unexpected result that he was awarded a money prize for an essay on the teaching of arithmetic! The St Andrews professoriate of those days was rich in men of great ability and distinctive personality. Among those who exerted a marked influence upon McKenzie as a student were Lewis Campbell (Greek), Alex. Roberts (Latin), T. Spencer Baynes (logic), W. C. McIntosh, F.R.S. (natural philosophy), and, in particular, Thomas Purdie, F.R.S. (chemistry). It was Purdie's enthu siasm and encouragement that directed McKenzie's steps into the paths of chemistry. From 1891 to 1893 McKenzie acted as Purdie's lecture assistant, and in this capacity he learnt a great deal, particularly as Purdie was a firm believer in copious experimental illustrations-a tradition that still obtains in his old Department. In 1893 McKenzie was one of the first 'University Assistants' appointed at St Andrews; the calibre of this first selection may be gauged from the fact that the list included the names of H. H. Joachim (later F.B.A.), Robert Latta (later F.B.A.), W. A. Craigie (later F.B.A.), A. T. Masterman (later F.R.S.), and Alex. McKenzie (later F.R.S.).
McKenzie discharged heavy teaching duties in his new capacity, and it was not until about 1896 that he began to take a serious interest in research work; but Purdie's inspiration came into play, and his ardent disciple naturally looked towards stereochemistry and optical activity. Thus it came about that in 1898 McKenzie, drawing upon his savings from the scanty emolument of the University Assistantship, and with Purdie's helpful encouragement, left St Andrews for Berlin with the object of prosecuting independent work for the completion of a D.Sc. thesis.
Among his colleagues in the St Andrews Chemistry Department may be mentioned J. W. Walker, A. S. Imrie, S. Williamson, J. C. Irvine (later Principal of the University) and G. D. Lander. Throughout his life McKenzie remained a devoted alumnus of 'the College of the Scarlet Gown'. The spell of 'the old grey city by the sea', he used to say, fell upon him from the first and never left him. For Purdie also he cherished an abiding gratitude and warmth of feeling. 'My memories of those old St Andrews days', he wrote, 'are very cherished by me, and I made many dear friends'; and he added, characteristically, 'I also owe to St Andrews my passion for golf'.
That classical book, Das optische Drehung (th still be seen in the Chemistry Department at St Andrews), was largely instru mental in attracting McKenzie to Landolt's laboratory in Berlin, with its excellent polarimetric equipment. He reached Berlin in October 1898, crossing from Leith to Hamburg in a raging gale, and stayed there as an undergraduate until January 1901; for, although he had fulfilled the requirements of the St Andrews D.Sc. degree by March 1899, as a result of independent work, he then went back to Berlin to undertake further investigations, this time in collaboration with Marckwald.
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In the University of Berlin at that time Emil Fischer was director of the 'Erstes' and Landolt of the 'Zweites Chemisches Institut'. In this second laboratory McKenzie was the sole British worker, a fortunate circumstance that enabled him to gain a fluent knowledge of German. Landolt, a member of an ancient patrician Swiss family, showed him exceptional kindness; but it was to a young Privatdozent, W. Marckwald, that McKenzie became particularly attached. The same building housed the electrochemist, Jahn, the crystallographer, Wilhelm Traube, and W. A. Roth, afterwards professor at Braunsch weig. The lower part of the building, consisting of the Technologisches Institut, was in charge of Wichelhaus, one of the founders of the Deutsche Chemische Gesellschaft.
At that time Berlin provided a stimulating environment for a young research chemist. Besides the two University laboratories there were certain other science institutes, including notably the Technische Hochschule at Charlottenburg, where Liebermann was then active. V a n 't Hoff also held a professorship in the University, with a laboratory in the Uhlandstrasse: McKenzie met him frequently, and became friendly with Meyerhoffer, who was collaborating with v a n 't Hoff in researches on the equilibria of double salts.
In Marckwald, McKenzie found a keen and inspiring senior collaborator with much wider views than the ordinary German chemist. His interests embraced organic chemistry, stereochemistry and inorganic chemistry, and he was perhaps the first German to work on radioactivity. The first publication of Marckwald and McKenzie appeared in 1899 under the title, 'Ueber eine principiell neue Methode zur Spaltung racemischer Verbindungen in die activen Bestandtheile'; further work in the same field appeared in a second paper published in 1900, and also formed the basis of McKenzie's Inaugural Dissertation for the degree of Doctor of Philosophy in the University of Berlin in the following year.2
Although he prosecuted his research work with great interest and vigour, McKenzie did not allow the prospect of a Ph.D. degree to obsess him. He took liberal advantage of his varied opportunities as a student in Berlin; for to him the mere taking of another degree was (to use his own phrase) a minor concern. In chemistry he sat at the feet of many masters, including Landolt, Emil Fischer, van 't Hoff, Marckwald, Pringsheim, Jahn, Gabriel, Jacobson, Wichelhaus and Rosenheim. His enrolments in the courses of physics (Warburg) and philosophy (Stumpf) were purely formal, since the prevailing conditions of 'akademische Freiheit' enabled him to get the necessary signatures in his 'Anmeldebuch' by attending the first and last lectures of the term in each course. Like others who went through a mill of this kind, McKenzie found that attendance at lectures had to be subordinated at times to the calls of the laboratory bench. However, in the late afternoon, he made time to attend lectures on philosophy, on classics, and on Goethe and Schiller, in all of which he took a deep interest. Would that young research chemists of the present generation could broaden their horizon in a similar manner! 2 For bibliographical details and a comprehensive review of M cKenzie's researches, see below. O Emil Fischer's lectures on 'Organische Experimentalchemie' were delivered at that time in A. W. Hofmann's former laboratory in the Georgenstrasse, and McKenzie was particularly interested in Fischer's experimental exposition of the subject. The elegant demonstrations on Fischer's lecture-bench were rendered possible through the skill of the lecture assistant (Stock) and the attendant (Wetzel). The proceedings were not devoid of humour, as for example upon one occasion when Fischer was giving a description of organic analysis by the method of combustion. In enlarging upon the simplicity of a decidedly tedious process, Fischer remarked: 'Jeder Mensch kann eine Verbrennung ausfiihren. Ein gut dressierter Affe konnte sogar ganz gut eine Verbrennung machen; zum Beispiel, mein Diener, Herr Wetzel, macht vorziigliche Verbrennungen'. A few minutes later, Herr Wetzel was quick to avail himself of an opening for revenge. The eminent lecturer had written one of his formulae wrongly on the blackboard, and as he turned to face his listeners Herr Wetzel stepped up noiselessly behind him and corrected the mistake, to the great delight of the large audience of students and the discomfiture of the professor.
McKenzie At Birkbeck College McKenzie was confronted with heavy teaching and administrative duties arising from the handling of a multiplicity of classes of various kinds in cramped quarters. He found that too much emphasis was attached to numbers of students and passes, with little realization of the im portance of research work in an institution aspiring to university rank. McKenzie was well aware (to quote from Meldola's presidential address to the Chemical Society in 1907) that 'a school of chemistry which is not also a centre of research is bound to degenerate and to become a mere cramming establishment not worth the cost of maintenance'. This truth, now self-evident, needed hammering home in those days. McKenzie's vigorous action, which found willing support from the Principal of the College, Dr Armitage-Smith, became an important factor in raising the status of the College. At that time many of the students at Birkbeck College were 'internal students' of the University of London, and McKenzie was a 'recognized teacher' of that University, besides being a member of the Board of Studies in Chemistry and also of the Faculty of Science. It was at Birkbeck College that McKenzie entered into a fruitful collaboration with Drs Wren and Clough, a leading feature of their work being a study of the celebrated 'Walden inversion'-a now familiar term introduced into stereo chemistry by McKenzie himself.
McKenzie's appointment at Birkbeck College ended when he received a call to the vacant chair of chemistry in University College, Dundee, which had become, since his early days, a constituent College of the University of St Andrews. No better and more appropriate choice could have been made for this chair, which had been filled in succession by Carnelley (1882), P. F. Frankland (1888), James Walker (1894) and Hugh Marshall (1908) . McKenzie took over his duties in January 1914, and here in his native city he led a busy, fruitful and happy life until his retirement from the chair in 1938. He was glad, as he said, to be relieved from the strain of evening teaching and to get back again into laboratories which were well equipped and not cramped for space. The continuity of his researches was interrupted by the war of 1914-1918, during which he undertook chemical work of national importance; but later, with the help of a band of able young men who had returned from the war, he resumed his stereochemical investigations with renewed vigour. At the date of his election into the Royal Society, in 1916, he had published forty-four original research papers; when he retired from the chair in 1938 the total had risen to about 120. It was, indeed, with outstanding energy and persistence that he carried out the complicated and interlinked network of researches on the Walden inversion, racemization, asymmetric synthesis, intramolecular re arrangements, and so forth, which are reviewed in detail below. Among his leading collaborators in this period were H. Wren, J. K. Wood, J. S. W. Boyle, H. J. Plenderleith, Isobel Smith, Nellie Walker, R. Roger, Mary Lesslie, Agnes Mitchell, Ethel Luis, A. K. Mills, P. D. Ritchie, W. Mitchell and J. D. M. Ross. McKenzie's interests were by no means limited to the subjects of his researches. Besides lecturing on organic chemistry, he taught inorganic chemistry to first-year students, followed physico-chemical developments closely, and was quick to seize upon new methods or techniques which could be of service in his investigations.
It was a delight to McKenzie to return to Dundee; to follow in the chair so eminent a succession of able teachers and investigators; to take up a prominent position in his original alma mater, and to resume close contact with a number of the friends of his youth, including his immediate chemical colleague, Professor J. C. Irvine (later Sir James Irvine, Principal of the University). The easy, harmonious and extremely friendly relationship between the two Chemistry Departments of the University of St Andrews was one of the characteristic features of McKenzie's tenure of the chair at Dundee. Beyond this, he had a wealth of friends among the chemical fraternity. In this respect his outlook was truly international, and indeed he was known to remark that possibly he was in closer touch with colleagues in France, Germany and Switzerland than in the southern part of Britain. A glance at his list of research papers shows that a surprisingly high proportion of them were published in foreign journals. At one period also he entered into active collaboration with the eminent French chemist, Tiffeneau.
In McKenzie the University of St Andrews possessed a skilful chemist and philosophic thinker of international renown, who brought light into many of the dark places of stereochemistry. The whole of his scientific work, although ranging over a very wide field, formed a coherent and artistic pattern. His pioneering researches with the Grignard reagent; his work on asymmetric synthesis and on the migration of organic radicals; his isolation of optically active benzoin: these, and other achievements, were characterized by a subtle elegance wdiich can be appreciated in detail only by the adept. His original contributions to chemical science showed a rare combination of fastidiousness and delicacy : in attacking the refined secrets of the organic molecule he discarded the ponderous weapons of men of grosser mould for the light rapier of the 'chymicall Artist'.
Such a man could not fail to be an inspiring teacher, especially as he combined gifts of heart with those of intellect, and took a lively and enduring interest in the personalities and progress of his students.
McKenzie was a Fellow of the Chemical Society, Fellow of the Institute of Chemistry, member of the Deutsche Chemische Gesellschaft, Secretary of the Chemistry Section of the British Association (1907, 1908) , and for several years member of the Council and of the Publication Committee of the Chemical Society. He was elected into the Royal Society in 1916, into the Kaiserlich Deutsche Akademie der Naturforscher zu Halle in 1932, and he received the honorary LL.D. degree of St Andrews in 1939. At the invitation of the Kaiser Wilhelm-Gesellschaft he lectured in Harnack-Haus, Dahlem, Berlin, in May 1931. Later in the same year he accepted an invitation from the University of Basel to deliver a course of six lectures. On all these occasions he spoke in German.
As a result of his wide education and varied experience McKenzie was a man of many interests. He had pronounced tastes in art and literature, and as might be expected these were by no means insular. He had a great admiration for the painters of the Low Countries, and he would rarely visit a city of any note without becoming acquainted with its art gallery. He was very fond of the Scottish Highlands, but at the same time he enjoyed foreign travel greatly, with its opportunities of meeting colleagues in other countries. As a delegate of the University of St Andrews he attended the Berthelot celebration at Paris in 1927. He was present also at the Kekule celebration held at Bonn in 1929. His favourite recreation was golf. In his student days he was for a time secretary of the University of St Andrews Golf Club. He even played in Berlin, where he owned somewhat regretfully that he was beaten by a Cambridge man in the final for the Golf Championship of Germany! Later, at Birmingham and in London (South Herts Golf Club), he had a handicap of 1. In 1903 he was awarded a bronze medal as semi-finalist in the Amateur Scottish Golf Champion ship, played at Monifieth. When he went to Dundee in 1914 he made his debut in the Monifieth Golf Club by going round in 75, as a result of which he was made scratch. He became a familiar figure in the Barry Golf Club, and the research students followed with a lively interest his play in the competition for the Vulcan Cup. In his later years he was often to be seen on the picturesque course of Kingussie in the summer vacation. 'No longer a good tennis player, as in the old days at St Andrews', wrote one of his lifelong friends in 1937, 'but still a potent golfer who knows no mercy when confronted with a Principal as his opponent!-otherwise the best of good fellows and very kind. ' McKenzie continued to take an active interest in his former department for some years after his retirement; but he was troubled by recurrent asthma, and in recent years his health deteriorated. On 11 June 1951, in his eighty-second year, he passed away peacefully in his study at Barnhill, Angus, amidst the books he loved so well. He married in 1906, Alice Helene Sand, also a native of Dundee, who survives him. The union was one of great happiness. Their only son, Duncan Buchanan McKenzie, is an electrical engineer of distinction, attached to the scientific staff of the Ministry of Supply.
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Scientific Work By Robert Roger
Introductory
The name of Alexander McKenzie is associated with many important develop ments in optical activity and stereochemistry. If any one compound were to be linked particularly with his name it would be mandelic acid. Working in such a wide domain he handled many other optically active compounds; but the main themes of his researches, if not directly concerned with mandelic acid, its derivatives or allied compounds, came often to fruitful conclusions as a result of the experience he had gained from work with that acid.
McKenzie had his first research experience in Purdie's laboratory at St Andrews where lactic acid was probably the favourite compound; but the initial paragraph of McKenzie's first published paper (l)3 holds a certain portent. 'The replacement of the alcoholic hydrogen in active malic, lactic and tartaric acids by alkyl groups causes a striking increase of optical activity. The primary object of the following investigation was to ascertain the effect of a similar replacement in the much more highly active mandelic .' His second paper (2) definitely justifies the title, 'A contribution to the chemistry of the mandelic acids'. In strong contrast to the lactic acids, the mandelic acids are crystalline, non-hygroscopic solids with definite melting points, and the optically active forms have high rotatory powers. The mandelic acids figure repeatedly in the main themes of his research work on racemization, the Walden inversion, intramolecular rearrangements and asymmetric synthesis. Indeed, if McKenzie had fixed his attention upon the lactic acids his famous dicta concerning catalytic racemization with alkali would never have been formulated.
McKenzie early appreciated the importance of Grignard's reaction, and in 1904 his first paper on asymmetric synthesis was published under the part title 'The action of magnesium alkyl haloids on menthyl benzoylformate' (12). His interest in this reaction never abated, and much of his best work on asymmetric syntheses and intramolecular rearrangements was rendered possible only by its use. At the meeting of the British Association in Leicester (1907) he read a paper entitled 'The applications of Grignard's reaction'-a twenty-six-page account of the subject which is still full of interest.
Kinetic methods of optical resolution
The classical methods of optical resolution due to Pasteur were the only ones available in 1899, when a communication by McKenzie & Marckwald (3) described a new approach to this problem. They found that (-)-menthyl ( +)-mandelate was formed more rapidly than the diastereoisomeric (-)-menthyl (-)-mandelate when ( -)-menthol was heated with an excess of r-mandelic acid. The unchanged acid was slightly laevorotatory and from it they isolated eventually a small amount of pure (-)-mandelic acid. Later McKenzie (11) and McKenzie & Thompson (17) showed that the saponification-rates of these esters differed and that pure (+)-mandelic acid could be obtained by partial saponification of (-)-menthyl r-mandelate. Such methods, though mainly of theoretical importance, were later applied to the resolution of other acids (13, 95) and to the partial resolution of octyl alcohol by (+)-tartaric acid. In the method of partial saponification, phenomena due to racemization soon became apparent and confused the issues. Then McKenzie (11) made the significant statement that 'Potassium /-mandelate undergoes complete racemization when heated with a large excess of potassium hydroxide in aqueous or alcoholic solution', although, somewhat paradoxically, a later paper in conjunction with Muller (19) is entitled 'Racemization by alkali as applied to the resolution of r-mandelic acid'.
3 Numbers in parentheses refer to the serial numbers in the bibliography.
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Catalytic racemization by traces of alkali was first described by Wren (Jf. Chem. Soc. 1909 , 95, 1593 . The optically active benzoins had been isolated by McKenzie & Wren (21) in 1908 through the action of phenyl magnesium bromide on (+ )-and (-)-mandelamides. The method was later extended to other ketols (39, 97, 106, 109; see also Roger, Helv. chim. , 1929 , 12, 1060 , Biochem. Z. 1931 . Wren found that ethyl alcoholic solutions of the optically active benzoins were slowly racemized when small accounts of sodium or potassium ethoxides or alcoholic caustic potash were added. McKenzie pictured the reaction thus-(-)-Ph-CHOH-CO-Ph->-Ph*C(OH) =C(OH)Ph^-r-Ph-CHOH*CO*Ph From such findings McKenzie formulated his rule for symmetrical catalytic racemization as follows: 'Such racemization can only take place when a phenyl radical and a labile hydrogen atom are attached to the asymmetric carbon atom which also must be directly linked to a carboxyl or carbonyl group'. Support for this rule has been found in various directions: in contrast, for example, substituted phenylglycollic acids (such as atrolactinic acid) and their derivatives do not racemize, while phenyl-^>-tolylacetic acid does. Substituted benzoins, such as ethylbenzoin, (Ph)(Et)C(OH)-COPh, are not susceptible (109); and recently I have found (unpublished observation) that (-)-phenyl-/>-tolylethylacetaldehyde is also not affected by the presence of alkali.
McKenzie & Smith (59, 65) have disclosed the further phenomenon of asymmetric catalytic racemization'. The addition of traces of alcoholic potash
Obituary Notices to alcoholic solutions of (-)-menthyl (-)-phenylchloroacetate, ( )-menthyl ( + )-phenylchloroacetate or (-)-menthyl r-phenylchloroacetate effected cata lytic racemization of the optically active acid radicals, but the presence of the (-)-menthyl group (which is not racemized by alkali) caused the desmotropic change to proceed unsymmetrically, and the final solution contained unequal amounts of the diastereoisomeric (-)-menthyl (-)-and (+)-chloroacetates. Smith (Ber. dtsch. chem. Ges. 1931 , 64, 1115 has since shown that the same phenomenon is displayed by amygdalin.
This work suggested to McKenzie that, on the grounds of asymmetric induction, an ester such as (-)-menthyl benzoylformate might consist, in a suitable solvent and with a suitable catalyst, of unequal amounts of two diastereoisomeric esters:
P h -C -COOC10H 19 and P h -C -C O O C 10H 19.
I I O
Moreover, under favourable conditions such esters should show mutarotation: this, having been found to be the case, played an important part in his develop ment of asymmetric synthesis.
McKenzie & Walker (44) noted that in a mixed water-acetone solvent phenylbromoacetic acid was racemized, but that the rate of the racemization was greater than that of the hydrolysis. Another example described by McKenzie & Gow (96) arose during the esterification of (+)-a-naphthylglycollie acid by the method of Fischer-Speier. This acid was always partially racemized during the process. Other examples of the kind have been found in the acid-catalyzed racemization of ketones during the dehydration of glycols.
Asymmetric synthesis
The method of formation of optically active compounds in nature is a problem that has occupied many minds. The living cell (the 'vital force') tends to work one-sidedly in dealing with compounds of potential optical activity. In the laboratory, experiments can be made along similar lines without the interposition of a 'vital force', and McKenzie was early attracted by this possibility. Such attempts have had two distinct aims: (i) the total or absolute synthesis according to the views of v a n 't Hoff that optically active substances could be produced under the influence of laevo-or dextro-circularly polarized light, or by crystalliza tion of an inactive form from an optically active solvent; (ii) the partial asym metric synthesis wherein a new asymmetric centre is formed in a one-sided manner through the directing intervention of some previously formed optically active substance which takes part in the action and is afterwards eliminated. McKenzie was successful in both these types of asymmetric synthesis.
The separation of potassium hydrogen tartrate by crystallization of potassium hydrogen racemate from aqueous solutions of (+ )-or (-)-malic acids was effected by him (41) in conjunction with Miss N. Walker (51), Plenderleith (56) and Christie (103) . His main efforts were directed towards partial asymmetric synthesis. His first attempt, the reduction of (-)-menthyl benzoylformate to give an optically active mandelic acid, was unsuccessful although proof was given that the diastereoisomeric (-)-menthyl mandelates were formed in unequal amounts. The mandelic acid isolated after saponification of the ester mixture was racemic: catalytic racemization by alkali was unknown at that time. Greater success attended his reduction of (-)-menthyl pyruvate to lactic acid, which gave a partially laevo-rotatory acid (14):
Me-CO-COOC10H 19(-)~>Me-CHOH-COOC10H19(-)->-Me-CHOH-COOH(-).
(-)-Lactic acid was also produced when (-)-borneol was used as the directing agent; but the employment of (-)-amyl alcohol in the same capacity yielded a (+)-lactic acid.
McKenzie's first paper on asymmetric synthesis (12) also described the first use of the Grignard reagent in such syntheses, partially active methyl-and ethyl-phenylglycollic acids being isolated by the action respectively of methyl and ethyl magnesium iodides on (-)-menthyl benzoylformate:
Ph-COCOOC10H 19( -) +MeMgI->Ph(Me)C(OH)COOH.
laevo-form preponderating
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Many other similar examples were investigated. The theoretical side was not neglected. I still remember the striking tribute that McKenzie paid in our Final B.Sc. lectures to Erlenmeyer's idea of asymmetric induction while bewailing his practical methods (82, 120) . But Erlenmeyer's idea, combined with McKenzie's work on asymmetric catalytic racemization, had far-reaching consequences. McKenzie's prediction that such ketonic esters should show mutarotation under favourable conditions was vindicated by experiment. Moreover, the mutarotation of (-)-menthyl benzoylformate led to an enhanced specific rotatory power, while that of (-)-menthyl pyruvate gave a diminished specific rotatory power. An increasing mutarotation should give a substituted glycollic acid with a laevo-rotation while a decreasing mutarotation should give a dextro-rotatory acid. This prediction proved to be correct in twenty-nine cases out of thirty-four (77, 78, 83, 84, 86, 92) . In collaboration with P. D. Ritchie (92) and with Christie (104), McKenzie isolated, by simple recrystal lization of the initial product, an optically pure form in each case of the methyl-anisyl, phenyl-p-tolyl-, and methyl-p-tolyl-glycollic acids.
He adhered strictly to Marckwald's original definition of asymmetric synthesis and required experimental proof (i) that a new dissymmetric grouping has been generated under the directing influence of an optically active group already present, and (ii) that this original directing grouping has been eliminated completely so that an optically active compound results. On such grounds he rejected Weiss's claim ( 1919, 40, 301) to have effected an asymmetric synthesis by the action of (-)-menthol on phenyl-/>-tolylketen, after he had carefully repeated the experimental details with Christie (100).
M o n a t s h e f t e f u r Chemie
Walden inversion
Both Fischer and McKenzie described the Walden inversion as being the most momentous discovery in stereochemistry since Pasteur's classical work on optical activity. Walden's work on this subject was confined largely to the inter conversion of the malic acids and for more than ten years the only developments were the extension to the lactic acids and the a-chloropropionic acids (Purdie & Williamson, J. Chem. Soc. 1896, 69, 83 ), Fischer's work on the interco of the a-alanines and the a-bromopropionic acids ( dtsch. chem. Ges. 1907, 40, 489) , and his utilization of the Walden inversion in syntheses of optically active polypeptides (Ber. dtsch. chem. Ges. 1906 , 39, 2893 . Then a paper by McKenzie & Clough (22) heralded a series of communications which enhanced enormously the practical scope of Walden's discovery (24, 26, 28, 29, 30, 32, 33, 35, 37, 43, 44, 62, 75, 96, 107, 121 ). The first paper described the inter conversion of the optically active mandelic acids. Further work with Clough & Barrow (24, 32) brought the phenylaminoacetic acids into this picture, and the results are summarized in the following diagram:
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HNO, ( -) Ph CH(OH) COOH ( + ) Ph CH(NH2) COOH
NOC1 ( + ) Ph-CHCl • COOH ( -) Ph-CHCl • COOH NOC1 ( -) Ph-CH(NHa)-COOH ( + ) Ph-CH(OH)-COOH
The interconversion of the atrolactinic acids was treated similarly (28, 29) and McKenzie & Clough (35, 37) detailed the first interconversion of optically active alcohols (the phenylmethylcarbinols).
McKenzie was largely responsible for the use of the term 'configurational change' as shown in the conversion of (-)-atrolactinic acid into the (4-)-and ( -)-a-chloro-a-phenylpropionyl chlorides by the use of phosphorus pentachloride and thionyl chloride respectively (30) : He was always clear on this point, however, that a change of sign in a reaction did not necessarily indicate a configurational change and still less warranted the use of the term 'Walden inversion'. His interest in this problem never flagged, and I think he regarded his work with A. K. Mills and myself (74, 75) with special affection as bringing the pinacolin transformation and allied actions within the scope of the Walden inversion.
In view of McKenzie's outstanding development of this field I was astounded to note recently the omission of his name in an eighteen-page section on the subject in a massive and well-known American text-book of organic chemistry.
Intramolecular rearrangements
McKenzie's interest in the polarimetric investigation of intramolecular rearrangement was directly stimulated by a miscarriage in one of his experi ments on the Walden inversion. He and Richardson (53) were examining the relationship between the optically active mandelic acids, the phenylaminoacetic acids, the triphenylethylene glycols and the aminoalcohols obtained by the action of phenyl magnesium bromide on the esters of the phenylamino acetic acids. They hoped to effect the change PhCH(NH2)-CPh2(OH) to PhCH(OH)-CPh2(OH) by means of nitrous acid; but when this was done the product was triphenylvinyl alcohol, now known as phenyldeoxybenzoin, Ph2CHCO-Ph. Aminoalcohols of similar structure had already been prepared by McKenzie & Barrow (38) from desylamine, and these were also found to undergo this deamination reaction: the reaction seemed to be general for aminoalcohols in which the amino and hydroxyl groups were bound to adjacent carbon atoms. When these groups were bound to carbon atoms separated by an intervening methylene group the normal replacement of NH 2 by OH occurred. Rearrangements of the l:2-aminoalcohols often necessitated the migration of a hydrocarbon radical from one carbon atom to another:
The dehydration of substituted hydrobenzoins and other glycols (racemic forms) was already being vigorously prosecuted in the laboratory of Professor Tiffeneau in Paris, and it was obvious that there was a close relationship between the two types of action. Furthermore, optically active substituted hydro benzoins had already been described by McKenzie & Wren (27) , and optically active glycols from the phenyl-lactic acids by McKenzie & Martin (36) ; and I was set the task of investigating such transformations with the aid of the polarimeter. In two communications by McKenzie & Roger (57) and McKenzie & Dennler (60) the general scope and nature of glycol dehydration and the deamination reaction were surveyed. We found (i) that aldehydes, ketones, and in some cases oxides and diethylenic oxides, could be produced, and (ii) that in the deamination reaction the hypothesis of an initial formation of the glycol (by normal reaction with nitrous acid), followed by dehydration, was not tenable.
The work of Meerwein and Tiffeneau on the saturation capacity and migrational aptitude of radicals was appreciated here, and we also adopted the theoretical structure Obituary Notices as a convenient method of representing the intermediate phase of the reaction. Now McKenzie had expressed admiration on numerous occasions for the ideas and work of Gomberg on triphenylmethyl, and thus our work became an important part of a greater problem, namely: Can a dissymmetric tervalent carbon compound exhibit optical activity?
The first results using optically active glycols (McKenzie & Roger (61) The optically active methyldeoxybenzoin isolated from this reaction provided material for racemization experiments which clarified some of the difficulties facing us in this work. This ketone proved susceptible to racemization with traces of alkali and was completely racemized on trituration with concentrated sulphuric acid. The isolation of r-methyldeoxybenzoin from (+ )-or (-)-methylhydrobenzoin could now be explained (see also (69) This work had important repercussions, since Danilov & Venus-Danilova (Ber. dtsch. chem. Ges. 1927 , 60, 1055 had claimed that aldehydes are produced as intermediate phases during the dehydration of glycols in acid media. It was obvious from our work that this could not form a general hypothesis, since, in the above example, the aldehyde (Ph)(PhCH2)2C-CHO would have no centre of asymmetry, although an optically active ketone emerged.
The incorporation of the Walden inversion into such rearrangements was realized by McKenzie & Mills (75) in rectifying the aborted scheme of McKenzie & Richardson {loc. cit.) . The action of nitrous acid on <f-2-phenyl-2-amino-l:ldibenzyl-ethanol-(l) (from /-phenylaminoacetic acid) not only gave the expected ketone, </-(Ph)(PhCH2)CH*CO-CH2Ph, by semipinacolinic deamina tion, but also some glycol, </-Ph-CH(OH)-C(OPI)(CH2Ph)2, J-2-phenyl-2-hydroxy-l:l-dibenzyl-ethanol-(l), through normal replacement of the amino-by the hydroxyl-group. McKenzie & Lesslie (76) then demonstrated that, with increasing replacement of aromatic by alkyl groups in such amino-alcohols, the tendency to undergo rearrangement after loss of the elements of ammonia diminished and ultimately disappeared. They also gave this diagram: (116) marked his finish of this work and also emphasized a fundamental factor. It had been known for long that the substituted hydrobenzoins, as also the related aminoalcohols, could exist in two isomeric forms. It was suspected that these forms were diastereoisomeric; but it was not until I had made repeated attempts that this diastereoisomerism was proved in the case of the glycols ( . Chem. Soc. 1937 , p. 1048 1939, p. 108) . Would this spatial difference affect the trend of the rearrangements of such substituted glycols or amino-alcohols? Experiment showed that the a-form of l:2-diphenyl-l-naphthyl-2-amino-ethanol-(l) gave diphenylacetonaphthone, while the a-form yielded the isomeric ketone, anaphthyldeoxybenzoin.
This work has thrown considerable light on the mechanism of such intra molecular reactions and has also emphasized the role of the polarimeter. The polarimetric method has since been employed in other laboratories, in the investigation of the Hofmann, Curtius, Lossen and other similar reactions, also with success. There is much work in progress and yet to be done; but what has already been achieved in this field has given strong support to the possible, albeit transient, existence of such intermediate phases containing tervalent carbon.
Conclusion
Perusal of the appended list of research papers will give a full idea of the ground McKenzie covered in stereochemistry and organic chemistry. Other important topics which should be mentioned are his work on the true constitution of 'triphenylvinyl alcohol' (now known as triphenylethanone or phenyldeoxybenzoin) (50, 112). The isolation of optically active desylamine hydrochloride made an impact, not only on problems of the Walden inversion but also on the synthesis of optically active amino-alcohols Soc. 1928, p. 640). The resolution of o-nitromandelic acid led to a study of optical activity in the indole group (101), and reactions of the tropic acids did not escape attention (63, 121) . During the first world war McKenzie's laboratory made important contributions to the national effort in the synthesis of certain vital products and in the preparation and investigation of the properties of arsenical war gases (47).
In conclusion, McKenzie often lamented his inability to isolate optically active desyl chloride, PhCHCl-CO-Ph. Other laboratories have recorded similar failures, and my own notes show over thirty attempts to get this im portant key compound. As a result of recent work, however, I can offer a tribute to the memory of one of the outstanding figures in stereo-chemistry during the first half of the twentieth century: (+)-desyl chloride, with [a]5461 +160° (acetone), has been prepared from (-)-benzoin. 
